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Description 
Technical Field 

[0001] The present invention is directed to a vehicle 
actuatable occupant restraint system and is particularly 
directed to a method and apparatus for controlling actu- 
ation of an occupant restraining device. 

Background of the Invention 

[0002] Actuatable occupant restraint systems for vehi- 
cles are known in the art. One particular type of actuat- 
able occupant restraint system includes an inflatable air 
bag mounted within the occupant compartment of the 
vehicle. The air bag has an associated, electrically actu- 
atable ignitor, referred to as a squib. The system further 
includes one or more crash sensors for sensing the 
occurrence of a vehicle crash condition. Known 
arrangements include a series connected mechanical 
inertia switch, squib, and an electric switch, such as a 
transistor, connected across a source of electrical 
energy. An accelerometer is connected to a controller 
which is, in turn, connected to the electric switch. The 
controller monitors the accelerometer and. in response 
thereto, determines if a crash event is occurring. When 
a crash event occurs requiring deployment of the air 
bag. the Inertia switch closes and the electric switch is 
closed by the controller resulting in an electric current of 
sufficient magnitude and duration to be passed through 
the squib to ignite the squib. The squib, when ignited, 
ignites a combustible gas generating composition 
and/or pierces a container of pressurized gas which 
inflates the air bag. 

[0003] An inertia switch crash sensor is typically 
mounted to tiie vehicle frame and includes a pair of 
mechanically actuatable switch contacts and a resil- 
iently biased weight The biased weight is arranged 
such that when the vehicle decelerates, ttie weight 
physically moves relative to its mounting. The greater 
the amount and duration of the deceleration, the furtiier 
the weight moves against ttie bias. The switch contacts 
are mounted relative to the biased weight such that, 
when the weight moves a predetermined distance, the 
weight moves over or against the switch contacts caus- 
ing them to close. The switch contacts, when closed, 
connect a squib to one terminal of a source of electrical 
energy. 

[0004] An electronic crash sensor for use in an actu- 
atable occupant restraint system includes an electrical 
transducer or accelerometer for sensing vehicle decel- 
eration. The accelerometer provides an electrical signal 
having a characteristic indicative of the vehicle's decel- 
eration. A controller, such as a microcomputer, monitors 
the accelerometer output, evaluates the accelerometer 
signal, and controls actuation of the restraining device 
in response thereto. 

[0005] One known oonti'oiler evaluation process (see 



US-A-5 067 745) includes integrating the accelerometer 
output signal. The integral of the accelerometer output 
signal is indicative of the vehicle crash velocity. If the 
output of the integrator exceeds a predetermined veloc- 
5 ity threshold value, an electrically controlled switch is 
closed which connects the squib to one terminal of an 
electrical energy source. 

Summary of the Invention 

10 

[0006] The object of the present invention is to provide 
a method and apparatus for controlling actuation of an 
occupant restraint system in response to either an aver- 
age acceleration value or a variably weighted velocity 
15 value as a result of the crash condition. 

[0007] The above object is attained by the invention in 
an apparatus according to claim 1 and in a metiiod 
according to daim 18. Preferred embodiments are 
defined in the dependent claims. 

20 

Brief Description of the Drawings 

[0008] Other features and advantages of the present 
invention will become apparent to those skilled in the art 
25 to which the present invention relates from a reading of 
the following detailed description with reference to the 
accompanying drawings, in which: 

Rg. 1 is a schematic block diagram of an air bag 
30 restraint system made in accordance with the 
present invention; 

Figs. 2-7 are flow diagrams shewing the control 
process of the present invention for the air bag 
restraint system shown in Fig. 1 : and 
35 Rgs. 8-19 are graphical representations of values 
measured or determined by the restraint system 
shown in Rg. 1 for various aash conditions. 

Descripti on of Preferred Embodiments 

40 

[0009] Referring to Fig. 1 , an air bag restraint control 
drcuit 30 includes an electrically actuatable squib 32 
operatively connected to a gas generating composition 
and/or container of pressurized gas (not shown). The 

45 squib 32 is electrically connected in series witii a 
mechanical inertia switch 34 and an electrically actuat- 
able power Dartington transistor switch 36 (shown sche- 
matically as a single transistor) between a source of 
electrical energy 40 and electrical ground. When the 

so switch 36 is actuated, electric cunent can flow through 
the transistor. The switch 36 is basically used in an ON 
or OFF mode. 

[001 0] The source of electrical energy 40 includes tiie 
v^ide battery (not shown) connected to a terminal 42. 
55 The terminal 42 is connected to switch 34 through a 
diode 44. The terminal 42 is also connected to the 
switch 34 through a series connected up-converter 46 
and diode 48. The up-converter 46 converts the vehicle 
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battery voltage to a sid^ntially constant voltage at a 
predetermined value, higher than the battery vdtaga 
The up-converter 46 is connected to and charges a 
capacitor 50 connected between the output of the up- 
converter 46 and the anode of the cfiode 48. This 
arrangement provides redundant sources of electrical 
energy for the squib, i.e., the vehicle battery and the 
charged stored energy from the capacitor 50. This 
redundant energy source arrangement is known in the 
art. 

[001 1 ] An accelerometer 60 is mounted to the vehicle 
and provides an electric signal having a characteristic 
indicative of vehicle deceleration. The accelerometer 60 
is electrically connected to a controller 64 through a tow- 
pass filter or anti-alias filter 66. Preferably, the controller 
64 is a microcomputer having an internal memory and 
an internal analog-to-digital ("A/D") converter. The out- 
put of the low pass filter 66 is connected to an A/D con- 
verter input of the controller 64. 
[001 2] The controller 64 monitors the filtered acceler- 
ation signal and performs an analysis on the signal to 
determine if a vehicle crash is occumng. If it is deter- 
mined that a vehicle crash is occurring, the controller 64 
actuates the power Darlington switch 36 to turn the 
switch ON. When a vehicle aash occurs with sufficient 
intensity to close the inertia switch 34, and for which the 
controller actuates switch 36, a current of sufficient 
magnitude and duration to ignite the squib passes 
through the squib 32. When the squib 32 is ignited, it, in 
tum. ignites a gas generating composition and/or 
pierces a container of pressurized gas which inflates the 
air bag. 

[Od 3] Referring to Rg. 2, an overview of the process, 
in accordance with the present invention, used to con- 
trol the switch 36 is shown. The acceleration sensor 60 
Is connected to an internal A/D converter 70 of the con- 
troller 64 through the low-pass filter 66. The A/D con- 
verter 70 converts the acceleration signal into a digital 
signal. Internal to the controller 64, the converted accel- 
eration signal is high-pass filtered by a digital filtering 
process 76. Digital filtering of a signal by a microcom- 
puter is known in the art and is, therefore, not discussed 
herein in detail. The controller 64 calculates the crash 
velocity of the vehicle in step 78 based on the measured 
crash acceleration signal output from the accelerometer 
60. 

[0014] Refenring now to Rg. 3, the process used in 
calculating or determining the vehicle crash velocity. 
I.e.. step 78. is shown in detail. The process shown in 
Fig. 3 determines the crash velocity of the vehicle which 
is the integral of the acceleration signal during a crash 
event. This provides a crash velocity value of the crash 
event, i.e.. a sudden deceleration of the vehicle. Integra- 
tion of the acceleration signal In the microcomputer or 
controller 64 is accomplished by summing discrete val- 
ues of acceleration measured over time. 
[0015] Preferat)ly, discrete measured values of the 
acceleration signal over time are summed together to 



determine the crash velocity value. To prevent inadvert- 
ent deployment as a result of accumulated past events, 
it is desirable to return the integrated acceleration value, 
i.e.. the velocity value, to zero within a predetermined 

5 time after the acceleration value goes to zera In accord- 
ance with tiie present invention, the controller performs 
a digital high-pass filtering process or return-to-zero 
process 84 on tiie determined velocity value. 
[0016] In step 90 of process 84, the controller 64 

10 determines whether the absolute value of the velocity is 
greater than a digital number of 1 28. The number 1 28 is 
representative of a predetermined decay time constant. 
If the determination in step 90 is affirmative, the process 
proceeds with step 94. where tiie velocity value is 

15 divided by 128 and the resulting quotient subtracted 
from the velocity value to estaft)lish a new velocity value. 
Steps 90 and 94 have the effect of decaying the velocity 
value back toward zero at a generally exponential rate 
established by the number 128. 

20 [0017] If tiie determination in step 90 is negative, 
meaning that the velocity absolute value is equal to or 
less than a value represented by the number 128, the 
process proceeds to step 98. 
[0018] Steps 98. 100. and 102 are used to force signal 

2S decay when the velocity value is dose to zero. In this 
region of velocity values, it is computationally difficult to 
use the process represented by step 94. In step 98. a 
determination is made as to whether tiie velocity value 
is less than zero. Velocity being greater than zero is 

30 indicative of a vehicle deceleration. Velocity being less 
tiian zero is indicative of a vehicle acceleration. If tiie 
determination In step 98 is affirmative, a predetermined 
increment of velocity value is added to the determined 
velocity value in step 100 to bring the velocity value 

35 back to zero at a linear rate. If tiie determination in step 
98 is negative, a predetermined decrement value is 
subtracted from the velocity value determined in step 
102 to bring the velodty value back to zero, again at a 
linear rate. 

40 [001 9] Therefore, when the velocity absolute value is 
greater tiian 1 28. tiie velocity decay is controlled by step 
94. When the velocity value is greater than or equal to 
zero and less than or equal to 128. tiie velocity decay is 
controlled by step 102. When the velocity value is 

45 greater than -1 28 smd less than zero, tiie velocity decay 
is controlled by step 100. 

[0020] The process then proceeds to step 1 08 where 
tiie controller 64 determines whetiier tiie absolute value 
of the determined velodty value is less than 32.000. 

50 The purpose of step 1 08 is to limit the determined veloc- 
ity value to a maximum value to prevent overflow of tiie 
register internal to the microcomputer 64. in which the 
value is stored. If the absolute value of the velocity is 
equal to or greater than the value 32,000. the determi- 

55 nation in step 1 08 is negative and the process for deter- 
mining a velocity value skips to the end of the 
procedure, since tiie velocity value is already at the pre- 
determined maximum value. If the determination in step 
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108 is affirmative, the process proceeds to step 110 
where a next measured inaement of acceleration Al is 
added to the present value of the velocity to establish a 
new velocity value. Assuming the velocity value is not at 
the maximum value, the summation in step 1 10 is the 5 
summation of all the increments of acceleration over 
time from the nwmerrt the module was powered up. less 
the decay values periodically subtracted in block 84. 
This summation Is essentially the integral of the acceler- 
ation values. The new determined velocity value from 10 
step 1 10 or the maximum velocity value resulting from a 
negative detemiination in step 108 is stored in an inter- 
nal memory of the controller 64 for later use. The proc- 
ess 78 of detemnining the crash velocity value is an on 
going process that is done on a continuous bases. 75 
[0021 ] Referring back to Rg. 2, the controller next pro- 
ceeds to step 120 where a "fost fire" value, referred to 
herein as the AWIN value, is calculated or determined. 
The AWIN value is essentially an average acceleration 
value. This average acceleration value is calculated 20 
using a sliding time window of a predetemnined dura- 
tion. In accordance with the preferred embodiment of 
the present invention, the sliding time window width is 
10 msec. The process step 120. which functions to 
determine the average acceleration value AWIN. 25 
includes several process steps shown in Fig. 4. 
[0022] Refemng now to Rg. 4, the average accelera- 
tion is determined in the microcomputer by summing 
increments of the value of the acceleration signal over 
the predetenmined time window. The window interval is so 
defined by 18 consecutive measured values of acceler- 
ation using the analog-to-digital converter 70. In the pre- 
ferred embodiment, acceleration sample timing is such 
that the 1 8 samples span a 1 0 msec, time interval. Each 
measured value of the accelemtion is designated as Al. 3S 
[0023] The controller further determines another aver- 
age acceleration value, designated AWINSUM. which is 
equal to the value of 18 acceleration Increments Al also 
taken over a 10 msec, time period. AWINSUM is differ- 
ent than AWIN because AWIN is determined based 40 
upon a sliding time window and the AWINSUM is t>ased 
upon recurring, fixed time windows. As will become 
apparent from the description which follows, the value 
AWINSUM is reset to zero at the beginning of every 10 
msec, time period. 45 
[0024] To calculate AWIN. it is necessary for the 
microcomputer to "remember" each of the last 18 Al val- 
ues. This is accomplished by storing the Al values in an 
18 location memory block. The t^ock acts essentially as 
an endless loop recording tape where each new Al so 
value overwrites the oMest value then stored in the 
block. 

[0025] Refenring more specifically to Fig. 5, the AWIN 
value includes 18 acceleration increments stored in 
memory registers (designated as blocks 0-17) with a ss 
block pointer designated AWINPTR. The block pointer 
AWINPTR points to the memory location where the new 
measured Al value is being stored and where the value 



of the oldest Al value was stored. After this storage 
process is done, AWINPTR will increment to point to the 
next successive memory register. This occurs in step 
140, described below. 

[0026] Returning to the flow chart of Fig. 4. in step 
130. the controller calculates a new value for AWIN by 
adding the most recent measured acceleration Incre- 
ment Al to the current value of AWIN (which will have a 
value equal to the sum of the previous 18 incremental 
measurements of Al), while subtracting from the result- 
ing sum an acceleration increment added 18 measure- 
ments earlier. The result is an updated AWIN which is 
equal to ttie sum of tiie last 18 values of Al. This 
summed value in functionally related to the average 
acceleration and is equal to the average acceleration 
times 18. 

[0027] Those skilled in tiie art will appreciate that the 
value of AWIN is a running sum of the last 18 Al values 
and requires continuous redundant summing proc- 
esses. Rather than adding the values in the 18 memory 
registers each time AWIN is determined, only the new 
incremental Al value is added and the At value 18 
measurements earlier subtracted. Therefore only two 
aritiimetic operations are needed for each new determi- 
nation of AWIN. 

[0028] To verify the integrity of the on-going running 
sum calculation, the present Invention periodically 
"checks" AWIN against an independentty calculated 
value referred to as AWINSUM. 
[9029] Referring back to Rg. 4, tiie process proceeds 
from calculating AWIN In step 130 to calculating AWIN- 
SUM in step 140. In this step, the same acceleration 
incremental value Al that is being summed to det^mine 
the AWIN value is also used to determine the AWIN- 
SUM value. In step 140, ttie latest Al value is added to 
AWINSUM to generate an updated AWINSUM value, 
and AWINPTR is tiien Incremented. Instead of subtract- 
ing an okl Al value at the same time, however, the 
AWINSUM values are instead allowed to accumulate 
over an 18 sample interval (i.e., over 18 repetitions of 
the process shown in Fig. 2). At the end of that 18 sam- 
ple (10 msec.) interval, AWINSUM will have a value 
equal to tiie sum of the last 18 values of Al. 
[0030] The end of the 18 sample Interval is detected 
in step 150. Specifically, in step 150. a determination is 
made as to whether ttie position of tiie pointer 
AWINPTR is equal to 17. This is, in effect, a determina- 
tion as to whether the then-current value of AWINSUM 
is the sum of 18 consecutively preceding Al values. If 
the determination in step 150 is affirmative, the process 
proceeds to step 156 where the value of the AWINPTR 
is reset to zero, the value of AWIN Is set equal to the 
current value of AWINSUM, and tiie value of AWINSUM 
is then reset to zero. 

[0031] The purpose of setting AWIN equal to AWIN- 
SUM In step 156 Is to eliminate from the AWIN summa- 
tion tiie effect of any mistakes that may have crept into 
the running sum process. Such mistakes could be due. 
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for example, to radiated or conducted EMI/RFI noise. 
The effect of such an EMI aKeration would remain in the 
AWIN calculation unless some correction process were 
used. In the present emtxxiiment. such an error is elim- 
inated each time AWIN is set equal to AWINSUM. If the 5 
AWINSUM register is affected, i.e., H also has a value 
error due to EMI, the error will be eliminated when the 
affected register is reset to zero after the AWiNPTR 
equals 17. 

[0032] Those skilled in the art will appreciate that if no 
error is introduced in the AWIN registers, the value of 
AWIN will equal the value for AWINSUM each time the 
AWINPTR is equal to 1 7 because, at that time, both will 
equal the sum of the last 18 Al values. Thus, setting 
AWIN equal to AWINSUM should produce no change in 
the value of AWIN. If the determination in step 150 is 
negative, then step 156 is skipped. 
[0033] The process then proceeds to step 1 60 where 
a slow fire value, referred to herein as JMM2. is calcu- 
lated. JMM2 is a value indicative of how the crash event 
is developing in velocity and displacement as a function 
of time. The value of JMM2 is functionally related to the 
total energy of the aash and is. more specifically, pro- 
portional to the crash velocity times a variable weighting 
factor. The variable weighting factor is functionally 
related to crash energy and varies as a function of both 
velocity and time. This slow fire value is calculated in a 
process which includes a plurality of steps shown in Rg. 
6. 

[0034] Refem'ng to Fig. 6. in step 170, a crash dis- 
tance value is determined by integrating the crash 
velocity over time. The velocity value is determined in 
accordance with the process shown In Rg. 3 and shown 
as step 78 of Fig. 2. As discussed above, integration is 
accomplished in a microcomputer by doing a plurality of 
summations of discrete values over time, i.e.. a summa- 
tion of time-slice values. In step 1 70. the aash distance 
("DIST^ is determined by summing incremental crash 
velocity values V over time, i.e.. by integrating crash 
velocity. 

DIST^lVdt (1) 

[0035] The value detemrilned in step 170 is a value 
functionally related to "distance" as determined from the 
signal from the accelerometer. The "distance" may be 
thought of as the distance an unrestrained object within 
the vehicle would have moved relative to the vehicle due 
to vehicle deceleration. The number 256 used in this 
determination fi.e.. velocity value V divided by 258 
added to the then determined distance value DIST) is 
included for scaling purposes and is referred to as a 
scaling factor. The value 256 is used to ensure that the 
microcomputer arithmetic registers do not overflow. The 
process then proceeds to step 172. Step 172 decays 
the distance value DIST t>ack toward zero at a rate 
determined by the decay time constant value of 256. 
[0036] The process then proceeds to step 1 76 where 



a determination is made as to whether both the deter- 
mined crash velocity value V and the crash distance 
value DIST are greater than zero. This determination is. 
in effect, a test of whether the vehicle is accelerating in 
a rearward direction. When the vehicle is rapidly decel- 
erating, as during a frontal crash, acceleration is in a 
rearward direction. The determination in step 1 76 will be 
negative if the vehicle is not accelerating in a rearward 
direction and will be affirmative If the vehicle is acceler- 
ating in a rearward direction. If the determination in step 
1 76 is negative, the process sets the value JMM2 equal 
to zero in step 180. 

[0037] If the determination in step 1 76 is affirmative, 
the process proceeds to step 186 where a value, 
referred to as AREA, Is determined. This AREA value is 
functionally related to the total energy of the crash. The 
energy value AREA is an integration of tiie crash veloc- 
ity value squared and is calculated by summing Incre- 
mental values of tiie crash velocity squared. The 
Incremental calculation accomplished in step 186 is tiie 
summation of the present value divided by a scaling 
fector of 256 and the previous AREA. The resulting sum 
is a new. or updated AREA value. If the energy term 
were plotted on a time graph starting at the onset of tiie 
crash event tiie value determined in step 186 would be 
functionally related to the area under the curve or, in 
ottier words, to the integral of V^. 

AREA^lV^dt (2) 

[0038] After ttie determination in step 1 86. the control- 
ler performs, in block 190. a high pass filtering of the 
determined energy value or a return-to-zero function on 
tiie detemiined energy value. To perform this filtering or 
return-to-zero function, tiie controller 64 makes a deter- 
mination in step 196 as to whether the AREA is greater 
tiian 256. If the determination in step 196 is negative, 
tiie process proceeds to step 1 98 where tiie value of the 
AREA is set equal to 256. Thus, the blocks 1 96 and 198 
cooperate to establish a minimum value of 256 for the 
AREA variable. This minimum value is established to 
insure that the quotient produced in step 200 (below) 
will never be less tiian one. 

[0039] If the determination in step 196 is affirmative, 
i.e.. tiie AREA value is greater tiian 256, the process 
proceeds to step 200 where a value equal to the AREA 
divided by 1 28 is subtracted from the AREA to establish 
a new value for the AREA. The value 128 controls the 
time constant of the generally exponential decay. The 
process proceeds from either step 198 or step 200 to 
step 210 where a variably weighted velocity value 
JMM2 is determined. 

[0040] The variably weighted velocity value JMM2 is 
calculated by multiplying the velocity V (determined In 
step 78) times a variable weighting factor. The variable 
weighting factor is equal to the distance DIST (deter- 
mined in steps 170. 172) times a scaling factor 256. 
divided by the AREA (determined in step 186). Thus. 
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the variable weighting factor is directly related to the 
crash d'^tance and inversely related to the crash 
energy. 

JMM2.Vxf2!^^^ (3) 

[0041 ] The JMM2 value indicates the manner In which 
the crash event develops in velocity and displacement 
as a function of time. At the onset of a crash, the crash 
velocity is low. As displacement grows and stiffer struc- 
tural members of the vehicle are encountered, however, 
crash velocity increases rapidly During a more slowly 
dev^oping crash. e.g.. a lower speed pole crash, the 
crash velocity and displacement values grow slowly dur- 
ing the initial portion of the crash event and then grow 
more quickly during the later portion which increases 
the JMM2 value. 

[0042] The JMM2 equation above can be considered 
in either terms of time or aash distance. In time, the 
crash distance DIST is equation (1) above 



JMM2 = 



DIST = JVctf 
and crash area is equation (2) above 
AREA^lV^dt 

so that 



JMM2 = Vx 



r 256jva i 



(1) 



(2) 



(4) 



To express JMM2 in terms of crash distance, we again 
start with equation (1) above 



DtST^lVdt 



(1) 



By differentiating both sides of the DIST equation (1). 
we get 

d(DIST) = Vdt (5) 
Multiplying both sides of equation (5) by V we get 

Vcl(DIST) = V^dt (6) 
By integrating both sides of equation (6) we get 



lVd(DIST)=lV^dt 



(7) 



By substituting equations (1) and (7) into equation (4). 
we get 



(8) 



Moving the (DIST) term in equation (8) to the denomina- 
tor, we get 



256 V 
{DIST) 



(9) 



5 Equation number (9) is an expression of JMM2 in terms 
of a change in crash velocity to a crash distance. The 
change in crash velocity is cortsidered over the entire 
aash event 

[0043] From either step 210 or step 180. the process 
10 proceeds to step 220 where a determination is made as 
to whether the velocity value V is equal to zero. The 
inquiry in step 220 functions as a JMM2 system reset If 
the crash velocity value V is equal to zero, indicating 
that the crash condition has ended, then the process 
15 proceeds to step 228. In step 228 the distance value 
DIST is set equal to zero and the AREA value is set to 
256 (the AREA'S smallest permitted value). Setting a 
minimum AREA value equal to 256 prevents an arith- 
metic overflow condition. From either step 228 or from a 
20 negative determination in step 220. i.e.. the crash event 
is continuing, the process proceeds to step 240 shown 
in Rg. 2. 

[0044] Step 240 is generally referred to as the "Fire- 
Rule" and is the control process followed by the control- 
's ler 64 to control actuation of the transistor switch 36. 
The "Fire-Rule" includes the plural of steps shown in 
Rg. 7. Referring to Rg. 7, a determination is made in 
step 260 as to whether the acceleration average value 
AWIN is greater than a predetermined threshold value 

30 WTHRESH. If the crash event is a rapidly occurring 
event i.e., one with an initial high energy value resulting 
in a large vehicle deceleration, the determination in step 
260 would be affirmative. When the determination in 
step 260 is affirmative, the controller 64 jumps to step 

3S 270 and proceeds to then actuate the switch 36. If or 
when the inertia switch 34 is closed and switch 36 is 
actuated in step 270, an electric current will pass 
through the squib so as to ignite the squib and thereby 
initiate deployment of the air bag. 

40 [0045] If the determination in step 260 is negative, tiie 
process proceeds to step 276 where a determination is 
made as to whether the velocity value V (determined in 
step 110) is greater than a predetermined velocity 
threshold value VTHRESH. The determination in step 

45 276 functions as a gating step that must be determined 
affirmatively before step 280 is processed. If the velocity 
value V is not greater than the tiireshotd value 
VTHRESH. tite detenmination in step 276 will be nega- 
tive and the controller will skip to step 284 and thus not 

50 actuate the switch 36 (indicated by step 284). 

[0046] If tiie determination in step 276 is affirmative, 
tiie process proceeds to step 280 where a determina- 
tion is made as to whether the variably weighted velocity 
value JMM2 is greater than a predetermined tiireshold 

55 value JTHRESH. If the determination in step 280 is 
affirmative, the controller 64 actuates the switch 36 to 
an ON condition. If or when the inertia switch 34 is 
closed and switch 36 is actuated in step 270, an electric 
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current will pass through the squb so as to ignite the 
squib and deploy the air bag. 
[0047] Those skilled In the art will appreciate that the 
control process shown In Rgs. 2-7 is a continuous, on- 
going process which is repealed each time a new Al 
value becomes available from the analog-to-digital con- 
verter. After the NO-FIRE step 284, tfie entire process is 
repeated. In each Al cycle. AWIN and JMM2 values are 
determined, and FIRE or NO-FIRE decisions made. 
[0043] Referring to Rgs. 8-1 1 , values of various sig- 
nals produced during a particular crash event are 
depicted. The crash event depicted Is a 7 mph crash 
into a barrier, which is categorized as a non-deployment 
event. A "non-deploymenf crash event is one in which 
the seat belts alone are sufficient to protect the vehicle 
0CCL43ants. A "d^loyment" crash event is one in which 
it is desirable to deploy an air bag restraint to enhance, 
in combination with occupant seat belts, the occupant 
restraining function. 

[0049] Specifically. Fig. 8 depicts an acceleration sig- 
nal 300 as it Is output from the low pass filter 66 and 
input to the A/D channel of the controller 64 for a 7 MPH 
crash into a ban'ier. Fig. 9 depicts the value 304 of the 
average acceleration AWIN as a function of time as 
determined from the acceleration signal of Rg. 8 and 
determined in steps 120-156. At no time during the 
crash event is AWIN greater than the threshold value 
WTHRESH. Therefore, the determination at each pass 
through step 260 is negative. Rg. 10 depicts the crash 
velocity value 306. as determined in steps 78-1 10. At no 
time during the crash event is the velocity greater than 
the threshold value VTHRESH. Therefore, the determi- 
nation at each pass through step 276 will similarly be 
negative. Although the process in this example does not 
perform step 280, the JMM2 value 308 is determined 
from the acceleration value of Rg. 8 and is shown in Fig. 
1 1 . At no time during the crash event is the JMM2 value 
greater than the threshold value JTHRESH. From the 
graphs of Figs. 8-11, it can be seen that the air bag 
would not be deployed under this type of crash event 
even if the inertia switch is closed. 
[0050] Referring to Rgs. 12-15, values of various sig- 
nals arising from a different crash event are depicted. 
The crash event depicted is a low-energy, deployment 
crash event and, specifically, a 16 MPH oblique crash 
into a barrier. Fig. 1 2 depicts the acceleration signal 300 
as it is output from the low pass filter 66 and input to the 
A/D channel of the controller 64. Rg. 13 depicts the 
value 304 of the average acceleration AWIN as a func- 
tion of time as determined from the acceleration signal 
of Fig. 12 and determined in steps 120-156. At no time 
during the crash event is AWIN greater than the thresh- 
old value WTHRESH. Therefore, each determination in 
step 260 is negative. 

[0051] Fig. 14 depicts the determined crash velocity 
value 306 determined in steps 78-110. At time t1 into 
the crash event, the crash velocity V becomes greater 
than the threshold value VTHRESH. Therefore, the 



determination in step 276 will be affirmative. After time 
t1, the Inquiry of step 280 is performed. (The time 
scales for graphs 12-1 5 are the same.) The JMM2 value 
308 is derived from the acceleration value of Fig. 1 2 and 
5 is shown in Rg. 15. At time t2 into the cr^h event, the 
JMM2 value is greater than the threshold value 
JTHRESH. At time t2. switch 36 is actuated to an ON 
condition. 

[0052] From the graphs of Figs. 1 2-1 5. it can be seen 

10 that the air bag would deploy if the inertia switch were 
dosed or closes at or after time t2. The values of the 
velodty V and JMM2 eventually fall back below their 
associated threshold values VTHRESH and JTHRESH. 
respectively due to their decay routines 84, 190. When 

15 the value of V and/or JMM2 fall back below their associ- 
ated threshold values, the switch 36 would be opened 
by the controller 64 after a predetermined time period, 
e.g., 50 msec, in the preferred embodiment. 
[0053] Refen'ing to Figs. 16-19, values of various sig- 

20 nals arising from yet another crash event are depicted. 
The crash event depicted is a high-energy, deployment 
aash event such as a 30 MPH crash into a barrier. Spe- 
cifically, Fig. 16 depicts an acceleration signal 300 as it 
is output from the low pass filter 66 and input to the A/D 

25 channel of the controller 64. Rg. 17 depicts the value 
304 of the average acceleration AWIN as a function of 
time as determined from the acceleration signal of Rg. 
16 and determined in steps 120-156. At time t3 during 
the crash event. AWIN becomes greater than the 

30 threshold value WTHRESH. (The time scale for Rgs. 
16-19 are the same.) At this time t3, the determination 
in step 260 becomes positive and the switch 36 is actu- 
ated to an ON condition. Any closure of the inertia 
switch 34 at or after time t3 will therefore result in 

35 deployment of the air bag. 

[0054] Even tiiough the values of crash velocity and 
JMM2 are not needed after time t3, their values are of 
interest and helpful to understanding of the present 
invention. Assume for discussion that 276 and 280 are 

40 Still being performed. Rg. 18 depicts ttie determined 
crash velocity value 306 determined in steps 78-1 10. At 
time t4 into the crash event, the aash velocity V 
becomes greater than the threshold value VTHRESH. 
Therefore, the determination in step 276 will be aff irma- 

45 tive. After time t4, the inquiry of step 280 would be per- 
formed. The JMM2 value 308 is determined from tiie 
acceleration value of Fig. 16 and is shown in Rg. 19. At 
time t5 into the crash event, the JMM2 value is greater 
than the threshold value JTHRESH. From the graphs of 

50 Figs. 16-19, it can be seen that the air bag will be 
deployed under this type of crash event if the inertia 
switch is dosed or closes on or after time t3. The values 
of the crash velocity V, and the variably weighted veloc- 
ity value JMM2 eventually fall back below their assod- 

55 ated threshold values VTHRESH and JTHRESH, 
respectively due to decay routines 84 and 190. When 
AWIN and V and/or JMM2 fall back below their assod- 
ated threshold values, the switch 36 is deactuated by 
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the controller 64 after a predetermined time period. e.g.. 
50 msec, in accordance with a preferred embodiment. 
[0055] This invention has been desaibed with refer- 
ence to preferred embodments. Modifications and alter- 
ations may occur to others upon reading and 
understanding this specification. For example, the 
invention has been described with a series connected 
inertia switch, squib, and electrically controlled switch. It 
is contemplated that the inertia switch could be elimi- 
nated with the firing circuit including a series connected 
squib and electrically controlled witch. In this eirrange- 
ment. actuation of the electrically controlled witch by 
the controller 64 would directly actuate the air bag 
restraint system. It Is intended to indude all such modi- 
fications and alterations insofar as they come within the 
scope of the appended claims. 

Claims 

1 . An apparatus for controlling an actuatable restrain- 
ing device (32) of a vehicle, said apparatus com- 
prising: 

means (60) for provicfing an electrical decelera- 
tion signal having a characteristic indicative of 
crash deceleration of the vehicle; 

determining means (64) for determining a 
crash velocity value from the crash decelera- 
tion value; and 

control means (64) for actuating the actuatable 
restraining means (32); 
CHARACTERIZED IN THAT: 

said determining means (64) determines (160) 
a variably weighted crash velocity value 
(JMM2) so that said variably weighted crash 
velocity value varies inversely as a function of 
crash energy; 

said apparatus further includes average accel- 
eration determining means (64) for determining 
(120) an average acceleration value from said 
deceleration signal; and 
wherein said control means (64) actuates the 
actuatable restraining means (32) when (280) 
said determined variably weighted crash veloc- 
ity value (JMM2) is greater than a first thresh- 
old value and actuates the actuatat)le 
restraining means (32) when (260) said deter- 
mined average acceleration value (AWIN) 
exceeds a second threshold value. 

2. The apparatus of claim 1 wherein said determining 
means (64) includes means to determine a crash 
velocity value (JMM2) from said deceleration signal 
and multiplying said crash velocity value (JMM2) 



times a variable weighting factor to establish said 
variably weighted velocity value. 

3. The apparatus of daim 1 or 2 wherein said average 
5 acceleration determining means (1 20) indudes f irst 
average acceleration determining means (130) for 
determining a first average acceleration value 
(AWIN) from said deceleration signal over a prede- 
termined time period, second average acceleration 
10 determining means (140) for determining a second 
average acceleration value (AWINSUM) from said 
deceleration signal over said predetermined time 
period, and means (156) to set said first average 
acceleration value (AWIN) equal to said second 
IS average acceleration value (AWINSUM) at the end 
of said predetermined time period, said control 
means (64) being responsive to said first average 
acceleration signal. 

20 4. The apparatus of claim 3 wherein said average 
acceleration determining means further indudes 
means (156) to reset said second average acceler- 
ation value (AWINSUM) equal to zero at the end of 
each said predetermined time period. 

25 

5. The apparatus of claim 3 wherein said first average 
acceleration value (AWIN) is determined within a 
sliding time window. 

30 6. The apparatus of claim 2 wherein said variable 
weighting factor varies as a function of crash dis- 
tance. 

7. The apparatus of claim 2 wherein said variable 
55 weighting factor varies as a function of crash dis- 
tance and inversely as a function of crash energy. 

8. The apparatus of claim 2 wherein said variable 
weighting factor is proportional to 

40 

DIST 



JV^dt 

45 



where DIST is crash distance and V is crash veloc- 
ity. 

50 

9. The apparatus of daim 8 wherein DIST is propor- 
tional to 

JVdt. 

55 

10. The apparatus of claim 1 wherein said control 
means includes means (276, 280) for determining if 
said variably weighted aash velocity value (JMM2) 
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is greater than said first threshold value 
(JTHRESH) only if aash velocity (V) is greater than 
a predetermined velocity threshold value 
(VTHRESH). 

5 

11. The apparatus of claim 1 wherein said determining 
means determines said value by detennining 
change in vehicle crash velocity to crash distance. 

12. The apparatus of daim 1 wherein said average io 
acceleration determining means monitors said 
acceleration signal at a plurality of discrete times 
and determines an average acceleration value in 
response to said monitored acceleration signal 
wherein said average acceleration determining is 
means includes first average acceleration deter- 
mining means for deternrtining a first average accel- 
eration value from said acceleration signal over a 
predetermined time period, second average accel- 
eration determining means for determining a sec- 20 
ond average acceleration value from said 
acceleration signal over said predetermined time 
period, and means to set said first average acceler- 
ation value equal to said second average accelera- 
tion value at the end of said predetermined time 25 
period; and 

said control means actuates the actuatable 
restraining device when said first average accelera- 
tion value exceeds a predetermined threshold 
value. 30 

13. The apparatus of daim 12 wherein said average 
acceleration determining means further includes 
means to reset said second average acceleration 
value equal to zero at the end of each said prede- 35 
termined time period. 

14. The apparatus of claim 12 wherein said first aver- 
age acceleration value is determined within a slid- 
ing time window. 40 

15. The apparatus of daim 1 wherein said control 
means provides an actuation signal to actuate said 
actuatable restraining device (i) when said average 
acceleration value is greater than a first threshold 45 
value or (ii) when said crash velocity value is 
greater than a second threshold value and said var- 
iably weighted crash velocity value is greater than a 
third threshold value. 

so 

16. The apparatus of daim 1 wherein said apparatus 
further conprises a series connected circuit includ- 
ing an inertia switch, a squib, and an electrically 
controlled switch connected across a source of 
electrical energy said Inertia switch dosing upon ss 
occurrence of a vehicle crash event; and wherein 

said control means actuates said electrically con- 
trolled switch closed when said variably weighted 



crash velocity value is greater than a first threshold 
value, simultaneous dosure of said inertia switch 
and said electrically controlled switch actuating said 
squib which results in actuation of said restraining 
device. 

17. The apparatus of claim 1 wherein said average 
acceleration detemnining means indudes first aver- 
age acceleration determining means for determin- 
ing a first average acceleration value from said 
deceleration signal over a predetermined time 
period, second average acceleration determining 
mear^ for determining a second average accelera- 
tion value from said deceleration signal over said 
predetermined time period, and means to set said 
first average acceleration value equal to said sec- 
ond average acceleration value at the end of said 
predetermined time period, said control means 
being responsive to said first average acceleration 
signal. 

18. A mettiod for controlling an actuatable restraining 
device, comprising the steps of: 

determining crash deceleration of the vehide; 
determining a variably weighted crash velocity 
value in response to said determined aash 
deceleration, so that said variably weighted 
crash velocity value varies inversely as a func- 
tion of crash energy: and 
actuating said actuatable restraining device 
when said determined variable weighted crash 
velocity value exceeds a predetermined thresh- 
old valua 

19. The method of claim 18 wherein said step of deter- 
mining a crash velocity value includes determining 
a change in crash velocity to crash distance in 
response to said determined crash deceleration. 

20. The method of claim 18 further including a step of 
determining an average deceleration value includ- 
ing determining a first average deceleration value 
from said determined deceleration value over a pre- 
determined time period, determining a second 
average deceleration value from said deceleration 
signal over said predetermined time period, and 
setting said first average deceleration value equal 
to said second average deceleration value at the 
end of said predetermined time period. 

Patentanspruche 

1. Vorrichtung zur Steuerung einer betatigbaren 
RQckhaltevorrichtung (32) eines Fahrzeugs. wobei 
die Vorrichtung folgendes aufweist: 

Mittel (60) zum Liefern eines elektrischen Ver- 
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zOgerungsstgnals mh einer eine Zusammen- 
stoQverzdgerung des F^rzeugs anzeigenden 
Charakteristik; 

Bestimmungsmittel (64) zur Bestimmung des 
ZusammenstoBgeschwindigkeitswerts aus 
dem Zusammenstof^^erzdgerungswert; und 
Steuermittel (64) zur Betatigung der betdtigba- 
ren RQckhaltemittel (32). 
dadurch gekennzeichnet daB: 
die Bestimmungsmittel (64) einen variablen 
gewichteten ZusammenstoBgeschwindigkelts- 
wert (JMM2) (160) in der Art bestimmen. daB 
der variable gewichtete ZuseunmenstoBge* 
schwindigkeitswert sich Invers als eine Funk- 
tion der ZusammenstoBenergie verdrKlert; 
die Vorrichtung femer Durchschnittsbeschleu- 
nigungsbestimmungsmittel (64) aufweist zur 
Bestimmung (120) eines Durchschnittsbe- 
schleunigungswerts aus dem VerzCgerungssi* 
gnal; und 

wobei die Steuermittel (64) die betatigbaren 
RQckhaltemittel (32) dann betdtigen, wenn 
(280) der enA^ahnte bestimmte variabel gewich- 
tete ZusammenstoBgeschwindigkeitswert 
(JMM2) grOBer ist als ein erster Schwellenwert 
und die betStigbaren RQckhaltemittel (32) betd- 
tigt. wenn (260) der erwdhnte bestimmte 
DurchschntttsbeschleunlgungsiA^ert (AWIN) 
einen zweiten Schwellenwert Qbersteigt. 

2. Vonichtung nach Anspruch 1. wobei die Bestinv 
mungsmittel (64) Mittel aufweisen zur Bestimmung 
eines ZusammenstoBgeschwindigkeitswerts 
(JMM2) aus dem envdhnten VerzOgerungssignal 
und Multiplizieren des ZusammenstoBgeschwin- 
digkeitswerts (JMM2) mit einem variat)len Gewich- 
tungsfaktor. urn den variabel gewichteten 
Geschwindigkeitswert vorzusehen. 

3. Vorrichtung nach Anspruch 1 oder 2, wobei die 
Durchschnittsbeschteunigungsbestimmungsmittel 
(120) erste Durchschnittsbeschleunigungs* 
bestimmungsmittel (130) aufweisen zur Bestinrv 
mung eines ersten Durchschnittsbeschleunigungs- 
wertes (AWIN) aus dem VerzOgerungssignal uber 
eine vorbestimmte Zeitperiode hinweg. zweite 
Durchschnittsbeschleunigungsbestimmungsmittel 
(140) zur Bestimmung eines zweiten Durch- 
schnittsbeschleunigungswerts (AWINSUM) aus 
dem erwdhnten VerzOgerungssignal Qber die 
enivdhnte vorbestimmte Zeitperiode hinweg, und 
Mittel (156) zum Einstellen des erwShnten ersten 
Durchschnittsbeschleunigungswerts (AWIN) gleich 
dem enATdhnten zweiten Durchschnrttsbeschleuni- 
gungswert (AWINSUM) am Ende der enA^ahnten 
vorbestimmten Zeitperiode, wobei die Steuermittel 
(64) auf das envdhnte erste Durchschnittsbe- 
schleunigungssignal ansprechen. 



4. Varichtung nach Anspruch 3, wobei die 

Durchschnittsbeschleunigungsbestimmungsmittel 
femer Mittel (156) aufweisen zur ROckstellung des 
erwahnten zweiten Durchschnittsbeschleunigungs- 
5 werts (AWINSUM) gleich Null, und zwar am Ende 
jeder der enwdhnten vorbestimmten Zeitperiode. 

5. Vorrichtung nach Anspruch 3, wobei der en^^nte 
ersXe Durchschnittsbeschleunigungswert (AWIN) 

10 innarhalb eines gleitenden Zeitfensters bestimmt 
wird. 

6. Vorrichtung nach Anspruch 2, wobei der variable 
Gewichtun^faktor sich als eine Funktion des 

75 ZusammenstoBabstandes dndert. 

7. Vorrichtung nach Anspruch 2, wobei der variak)le 
Gewichtungsfaktor sich als eine Funktion des 
ZusammenstoBabstandes und invers als eine 

20 Funktion der ZusammenstoBenergie andert 

8. Vorrichtung nach Anspruch 2, wobei der variable 
Gewichtungsfaktor proportional ist zu 

25 

DIST 



Jv2dt 

30 

wobei DIST der ZusammenstoBat)stand und V die 
ZusammenstoBgeschwindigkeit sind. 

35 9. Vorrichtung nach Anspruch 8, wobei DIST propor- 
tional zu 

jVdt 

40 ist. 

10. Vorrichtung nach Anspruch 1, wobei die Steuermit- 
tel Mittel (276, 280) aufweisen zur Bestimmung, ob 
der erwahnte variable gewichtete ZusammenstoB- 

45 geschwindigkeitswert (JMM2) grOBer ist als der 
erste Schwellenwert (JTHRES) nur dann, wenn die 
ZusammenstoBgeschwindigkeit V grOBer ist als ein 
vorbestimmter Geschwindigkeltsschwellenwert 
(VTHRESH). 

50 

11. Vorrichtung nach Anspruch 1, wcbei die Bestim- 
mungsmittel den enwahnten Wert durch Bestim- 
mung der Anderung der Fahrzeugzusammens- 
toBgeschwindigkeit gegenOber dem Zusammen- 

55 stoBabstand bestimmen. 

12. Vorrichtung nach Anspruch 1. wobei die 
Durchschnittsbeschleunigungsbestimmungsmittel 
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das erwahnte Beschleurdgungssignal an einer Viel- 
zahl von diskreten Zeiten ubenwachen und einen 
Durchschnlttsbeschlainigungswert bestimmen. 
und zwar ansprechend auf das enwdhnte uber- 
wachte Beschteuntgungssignal, wobei de 5 
Durchschnittsbeschleunigungsbestimmungsmittel 
erste Durchschnittsbeschleunigungsbestinmungs- 
mittel aufweisen zur Bestimmung eines ersten 
Durchschnittsbeschleunigungswerts aus dem 
Beschleunigungssignal Qber eine vorbestimmte 10 
Zeitperiode. zweite Durchschnittsbeschleunigungs- 
bestimmungsmittel zur Bestimnrung eines zweiten 
Durchschnlttsbeschleunigungswerts aus dem 
Beschleunigungssignal Qber die vorbestimmte Zeit- 
periode, und Mittel zum Einstellen des ersten 75 
Durchschnittsbeschleunigungswerts gleich dem 
zweiten Durchschnlttsbeschleunigungswert am 
Ende der vorbestimmten Zeitperiode; und 
wobei die Steuermittel die betdtigbare RQckhalte* 
vorrichtung dann betdtigen, wenn der erste Durch- 20 
schnittsbeschleunigungswert einen vorbestimmten 
Schwellenwert Qbersteigt. 

13. Vorrichtung nach Anspruch 12. wobei die 
Durchschnittsbeschleunigungsbestimmungsmittel 2s 
ferner Mittel aufweisen zur RQcksetzung des zwei- 
ten Durchschnittsbeschleunigungswerts gleich 
Null, und zwar am Ende jeder vorbestimmten Zeit- 
perioda 

30 

14. Vorrichtung nach Anspruch 12, wobei der erste 
Durchschnittsbeschleunigungswert innerhalb eines 
gleitenden Zeitfensters bestimmt wird. 

1 5. Vorrichtung nach Anspruch 1 , wobei die Steuennit- 3S 
tel ein Betatigungssignal vorsehen. und zwar zur 
Betatigung der betdtigbaren ROckhaltevorrichtung 

(i) dann, wenn der Durchschnittsbeschleunlgungs- 
wert grOBer ist als der erste Schwellenwert Oder (ii). 
wenn der ZusammenstoBgeschwindigkeitswert 40 
grOBer ist als ein zweiter Schwellenwert und der 
variable gewichtete ZusammenstoBgeschwindig- 
kertswert grOI3er ist als ein dritter Schwellenwert 

16. Vorrichtung nach Anspruch 1. wobei die Vorrich- 4S 
tung ferner eine in Serie geschaltete SchaKung auf- 
weist, einschlieBlich eines Trdgheitsschalters, 
eines Zunders und eines elektrisch gesteuerten 
Schalters verbunden mit einer Quelle elektri- 
scher Energie. wobei der Trdgheitsschalter sich so 
im Falle eines FahrzeugzusammenstoBereignisses 
schlieBt, und wobei die Steuermittel den elektrisch 
gesteuerten Schaiter dann schlieBen, wenn der 
variabel gewichtete ZusammenstoBgeschwindig- 
keitswert grOBer ist als ein erster Schwellenwert. 55 
wobet das gleichzeitige SchlieBen des Trdgheits- 
schalters und des elektrisch gesteuerten Schalters 
den Zunder betatigt. was eine Betatigung der Ruck- 



haltevom'chtung zur Fdge hat 

1 7. Vorrichtung nach Anspruch 1 , wobei die erwahnten 
Durchschnittsbeschleunigungsbestimmungsmittel 
aste Durchschnittsbeschleunigungsbestimmungs- 
mittel aufweisen zur Bestimmung eines ersten 
Durchschnittsbeschteunigungswertes aus dem 
VerzOgerungssignal Qber eine vort>estimmte Zeit- 
periode hinweg, zweite Durchschnittsbeschleuni- 
gungsbestimmungsmittel zur Bestimmung eines 
zweiten Durchschnittsbeschleunigungswerts aus 
dem VerzOgerungssignal Qber die vort>estimmte 
Zeitperiode hinweg, und Mittel zum Einstellen des 
ersten Durchschnittsbeschleunigungsvverts gleich 
dem zweiten Durchschnittsbeschleunigungswert 
am Ende der vort)estimmten Zeitperiode, wobei die 
Steuemiittei auf das erste Durchschnittsbeschleu- 
nigungssignal ansprechen. 

ia Verfahren zur Steuerung einer betdtigbaren ROck- 
haltevorrichtung. wobei die fblgenden Schritte vor- 
gesehen sind: 

Bestimmung der ZusammenstoBverzOgerung 
des Fahrzeugs; 

Bestimmung eines variabel gewichteten 
ZusammenstoBgeschwindigkeitswerts anspre- 
chend auf die erwdhnte bestimmte Zusammen- 
stoBverzOgerung derart, daB der variabel 
gewichtete ZusammenstoBgeschwindigkeits- 
wert sich umgekehrt Oder invers als eine Funk- 
tion der ZusammenstoBenergie verdndert; und 
Betdtigen der betdtigbaren ROckhaltevorrich- 
tung dann. wenn der bestimmte variabel 
gewichtete ZusammenstoBgeschwindigkeits- 
wert einen vorbestimmten Schwellenwert Qber- 
steigt. 

19. Verfahren nach Anspruch 18. wobei der Schritt des 
Bestimmens des ZusammenstoBgeschwindigkeits- 
werts das Bestimmen einer Anderung d^ Zusam- 
menstoBgeschwindigkeit zu 
ZusammenstoBabstand umfaBt und zwar anspre- 
chend auf die bestimmte ZusammenstoBverzOge- 
rung. 

20. Verfahren nach Anspruch 18, wobei ferner ein 
Schritt des Bestimmens eines DurchschnittsverzO- 
gerungswertes das Bestimmen eines ersten Durch- 
schnittsverzdgerungswertes aus dem enwahnten 
vorbestimmten Verz6gerungswert Qber eine vorbe- 
stimmte Zeitperiode hinweg umfaBt. das Bestim- 
men eines zweiten Durchschnittsverzdgerungs- 
werts aus dem VerzOgerungssignal Qber die 
erwahnte vorbestimmte Zeitperiode hinweg. und 
das Einstellen des ersten DurchschnittsverzOge- 
rungswerts gleich dem zweiten Durchschnittsver- 
zOgerungswert am Ende der vorbestimmten 
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ZeitpericxJe. 
Revendications 

1. Appareil de commande d*un dispositif de retenue 
ddclenchable (32) d'un v^hicule. ledrt appareil com- 
prenant: 

un moyen (60) destine k produire un signal 
6tectrique de d6c6l^ration ayant une caract6- 
ristique dindication d'une d6c6l6ration par 
choc du v6hicule ; 

un moyen de determination (64) destine k 
determiner une valeur de vitesse de choc k 
partir de la valeur de deceleration de choc ; et 
un moyen de commande (64) destine k deden- 
Cher le moyen de retenue declenchat)le (32) ; 
CARACTERISE EN CE QUE : 
ledit moyen de determination (64) determine 
(1 60) une valeur de vitesse de choc k pondera- 
tion variable (JMM2). de sorte que ladite valeur 
de Vitesse de choc k ponderation variable varie 
de fagon inverse en fonction de renergie de 
choc; 

ledit appareil comprend en outre un moyen de 
determination de i'acceieration moyenne (64) 
destine k determiner (1 20) une valeur d'acceie- 
ration moyenne k partir dudit signal de decele- 
ration ;et 

dans lequel ledrt moyen de commande (64) 
dedenche le moyen de retenue declenchable 
(32) lorsque (280) ladite valeur de vitesse de 
choc k ponderation variable determinee 
(JMM2) est superieure k une premiere valeur 
de seuil. et dedenche le moyen de retenue 
dedenchable (32) lorsque (260) ladite valeur 
d'acceieration moyenne determinee (AWIN) 
depasse une seoonde valeur de seuil. 



dudit signal de deceleration sur ladite duree pred§- 
temrunee, et un moyen (156) destine k rendre ladite 
premiere valeur d'acceieration moyenne (AWIN) 
egale k ladite seconde valeur d'acceieration 
5 moyenne (AWINSUM) k la fin de ladite duree pre- 
detemiinee, ledit moyen de commande (64) etant 
sensible audit premier signal d'acceieration 
moyenne. 

10 4. Appareil selon la revendication 3, dans lequel ledit 
mcyen de determination de I'acceieration nnoyenne 
comprend en outre un moyen (156) destine k 
remettre ladite seconde valeur d'acceieration 
moyenne (AWINSUM) k zero k la fin de cheque dite 

IS duree predeterminee. 

5. Appareil selon la revendication 3. dans lequel lacGte 
premiere valeur d'acceieration moyenne (AWIN) est 
determinee dans un intervalle de temps glissant. 

20 

6. Appareil selon la revendication 2, dans lequel ledit 
facteur de ponderation variable varie en fonction de 
la distance de choc. 

^ 7. Appareil selon la revendication 2. dans lequel ledit 
facteur de ponderation vanatHe varie en fonction de 
la distance de choc et de fagon inverse en fonction 
de renergie de choc. 

30 8. Appareil selon la revendication 2, dans lequel ledit 
facteur de ponderation variable est proportionnel k 

DIST 



ou DIST est la distance de choc et V est la vKesse 
de choc. 



2. Appareil selon la revendication 1 , dans lequel ledit 40 
moyen de determination (64) comprend un moyen 
destine k determiner une valeur de vitesse de choc 
(JMM2) k partir dudit signal de deceleration et k 
multiplier ladite valeur de vitesse de choc (JMM2) 
par un facteur de ponderation variable de fagon k 45 
etablir ladite valeur de vitesse k ponderation varia- 
ble. 

3. Appareil selon la revendication 1 ou 2. dans lequel 
ledit moyen de determination de I'acceieration so 
moyenne (120) comprend un premier moyen de 
determination de I'acceieration moyenne (130) des- 
tine k determiner une premiere valeur d'acceiera- 
tion moyenne (AWIN) k partir dudit signal de 
deceleration sur une duree predeterminee. un 55 
second moyen de determination de I'acceieration 
moyenne (140) destine k determiner une seconde 
valeur d'acceieration moyenne (AWINSUM) k partir 



9. Appareil selon la revendication 8. dans lequei DIST 
est proportionnelle k 

JVdt. 

10. Appareil selon la revendication 1, dans lequel ledit 
moyen de commande comprend un moyen (276, 
280) destine k determiner si ladite valeur de vitesse 
de choc k ponderation variable (JMM2) est supe- 
rieure k ladite premiere valeur de seuil (JTHRESH) 
seulement si la vitesse de choc (V) est superieure k 
une valeur de seuil de vitesse predeterminee 
(VTHRESH). 

11. Appareil selon la revendication 1, dans lequel ledit 
moyen de determination determine ladite valeur en 
detemninant la variation de la vitesse de choc du 
vehicule par rapport k la distance de choc. 
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12. Appareil selon la revendication 1. dans lequel led'rt 
moyen de determination de racc6l6ration moyenne 
contrOle iedit signal d'acc^ieration k une plurality 
dinstants discrets et determine une valeur d'acc^ 
l^ration moyenne en r^ponse audit signal d'acc^ie- 
ration contrdl6, dans lequel Iedit moyen de 
determination de Tacceieration moyenne comprend 
un premier moyen de determination de Taoceiera- 
tion moyenne destine k determiner une premiere 
valeur d'acceieration moyenne k partir dudit signal 
d'acceieration sur une duree predeterminee. un 
second moyen de determination de raoceieration 
moyenne destine k determiner une seconde valeur 
d*acceieration moyenne k partir dudit signal d*acce- 
leration sur ladite duree predeterminee. et un 
moyen destine k rendre ladite premiere valeur 
d'acceieration moyenne egale k ladite seconde 
valeur d'acceieration moyenne k la fin de ladite 
duree predeterminee ; et 

ledit moyen de commande declenche le dis- 
positif de retenue dedenchable lorsque ladite pre- 
miere valeur d'acceieration moyenne depasse une 
valeur de seuil predeterminee. 

13. Appareil selon la revendication 12, dans lequel Iedit 
moyen de determination de raoceieration moyenne 
comprend en outre un moyen destine k remettre 
ladite seconde valeur d'acceieration moyenne k 
zero k la fin de chaque dite duree predeterminee. 

14. Appareil selon la revendication 12, dans lequel 
ladite premiere valeur d'acceieration moyenne est 
determinee dans un intervalle de temps glissant. 

15. Appareil selon la revendication 1. dans lequel Iedit 
moyen de commande produit un signal de declen- 
chement destine k declencher ledit dispositif de 
retenue dedenchable (1) lorsque ladite valeur 
d'acceieration moyenne est superieure k une pre- 
miere valeur de seuil ou (ii) lorsque ladite valeur de 
Vitesse de choc est superieure k une seconde 
valeur de seuil. et ladite valeur de vitesse de choc k 
ponderation variable est superieure k une troisieme 
valeur de seuil. 

16. Appareil selon la revendication 1. dans lequel ledit 
appareil comprend en outre un circuit relie en serie 
comprenant un interrupteur inertiel. une amorce, et 
un interrupteur k commande eiectrique relies aux 
bornes d'une source d'energie eiedrique, ledit 
interrupteur inertiel fermant le circuit k I'occurrence 
d'un choc du vehicule ; et dans lequel 

ledit moyen de commande declenche ledit 
interrupteur k commande eiectrique pour qu'il se 
ferme lorsque ladite valeur de vitesse de choc k 
ponderation variable est superieure k une premiere 
valeur de seuil. la fermeture simultanee dudit inter- 
rupteur inertiel et dudit interrupteur k commande 



eiectrique dedenchant ladite amorce, ce qui a pour 
resultat le dedenchement dudit dispositif de rete- 
nue. 

5 17. Appareil selon la revendication 1, dans lequel ledit 
moyen de determination de I'acceieration moyenne 
comprend un premier moyen de determination de 
I'acceieration moyenne destine k determiner une 
premiere valeur d'acceieration moyenne k partir 

10 dudit signal de deceleration sur une duree prede- 
terminee, un second moyen de determination de 
raoceieration moyenne destine k deternuner une 
seconde valeur d'acceieration moyenne k partir 
dudit signal de deceleration sur ladite duree prede- 

15 terminee, et un moyen destine k rendre ladite pre- 
miere valeur d'acc^eration moyenne egale k ladite 
seconde valeur d'acceieration moyenne k la fin de 
ladite duree predeterminee. ledit moyen de com- 
mande etant sensible audit premier signal d'acceie- 

20 ration moyenne. 

18. Procede destine de commande d'un dispositif de 
retenue dedenchable. conprenant les etapes con- 
sistant k : 

25 

determiner la deceleration de choc du vehicule 

determiner une valeur de vitesse de choc k 
ponderation variat)le en reponse k ladite dece- 
30 leration de choc determinee. de sorte que 

ladite valeur de vitesse de choc k ponderation 
variatsle varie de fagon inverse en fonction de 
renergie de choc ; et 

declencher ledit dispositif de retenue declen- 
35 chable lorsque ladite valeur de vitesse de choc 

k ponderation variable determinee depasse 
une valeur de seuil predetermine^ 

19. Precede selon la revendication 18, dans lequel 
40 ladite etape consistant k determiner une valeur de 

Vitesse de choc comprend retape consistant k 
determiner une variation de la vitesse de choc par 
rapport k la distance de choc en reponse k ladite 
deceleration de choc determinee. 

45 

20. Precede selon la revendication 18. comprenant en 
outre une etape consistant k determiner une valeur 
de deceleration moyenne comprenant les etapes 
consistant k determiner une premiere valeur de 

50 deceleration moyenne k partir de ladite valeur de 
deceleration determinee sur une duree predetermi- 
nee, k determiner une seconde valeur de decelera- 
tion moyenne k partir dudit signal de deceleration 
sur ladite duree predeterminee. et k rendre ladite 

55 premiere valeur de deceleration moyenne egale k 
ladite seconde valeur de deceleration moyenne k la 
fin de ladite duree predetermine^ 
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